stratospheric circulation and transport of trace gas species and many key features of 138 observed stratospheric chemistry, such as polar ozone depletion (Strahan et al, 2011; 139 Douglass et al. 2012) . 140 The version of GEOSCCM used in this work (Oman and Douglass, 2014) includes several 141 advances, among which are a parameterization of gravity waves that can force a quasi-142 biennial oscillation with realistic features and a new air/sea roughness parameterization 143 that leads to a more realistic climate (Molod et al., 2012) . From a chemical perspective, 144 an additional 5 ppt of CH3Br has been added to the surface mixing ratios prescribed in the 145 halogen scenario used for CCMVal, to represent very short-lived brominated substances 146 (Liang et al., 2010) . For this study, we also included the effects of the solar cycle in total 147 and spectral irradiance on atmospheric heating and photolysis, as implemented by Swartz 148 et al. (2012) . Volcanic eruptions are simulated as a direct injection of sulfur dioxide (SO2). 149 The subsequent transformation of the sulfur dioxide into sulfate aerosol, its atmospheric 150 transport, and its perturbation of atmospheric chemistry and radiation are interactively 151 calculated within the model. The transport of the aerosols from the Mt. Pinatubo eruption 152 and their effects on ozone have been studied in GEOSCCM by Aquila et al. (2012; 2013) . 153 The simulations performed in this study span the period from January 1960 to December observational dataset (Rayner et al, 2006) , and emissions of tropospheric aerosol and 159 aerosol precursors following Granier et al. (2011) . External forcings are added sequentially 160 (see Table 1 ). In the lower stratosphere the SST experiment produces an ensemble-mean warming of 202 about 0.4K over the period from 1979 to 2014 (Figure 2a ). This warming is largely due to 203 increasing GHGs aliased into the SSTs (Karoly and Wu, 2005; Santer et al., 2006) . Figure   204 2b shows that the net effect of increasing GHGs on the global lower stratospheric Thompson et al., 2012) . In the case of GEOSCCM, this is probably due to the use of a fixed 224 aerosol radius of 0.6 μm for aerosol from explosive volcanic eruptions. This value is within 225 the range of observed estimates of the mean particle radius for the aerosol from Mt. properties (Timmreck et al., 2010; English et al., 2013) .
230
The lower stratospheric volcanic warming after Mt. Pinatubo lasts about two years, and is 
252
The SST experiment shows a ~0.1K warming in the SSU1 altitude range ( Figure 4a ) but 253 no warming at higher altitudes (Figure 6a, Figure 8a ). +GHG produces a cooling from 1979 254 to 2014 by 1.2K, 1.7K, and 2.2K in the SSU channels 1, 2, and 3 (Figure 8b) , respectively.
255
The increase in GHGs does not produce any trend in global ozone in the middle 256 stratosphere (Figure 5b ), but causes an increase in ozone in the upper stratosphere ( Figure   257 7b, Figure 9b ) due to the slow-down of ozone loss reactions in a colder environment (e.g. et al., 2009; Li et al., 2009) . As in the MSU lower stratospheric channel, +GHG 259 also shows an increase in stratospheric water vapor (Figs. 5c, 7c, 9c ). and is associated with an increase in stratospheric water vapor (Figs. 5c, 7c, 9c ). At these 283 altitudes, there is no significant ozone depletion associated with the eruption of Mt.
258
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Pinatubo (Figs. 5b, 7b, 9b ).
285
In all three SSU channels, the forcing associated with the solar cycle contributes not only Fig. 10) .
294
The first two periods are chosen to match the periods used in the 2014 WMO Assessment Table 2 . The large lower 301 stratospheric volcanic warming, overestimated in GEOSCCM with respect to the 302 observations, causes the very large confidence intervals over 1979-1997 ( Fig. 10a ).
303
The lower panels of Fig. 10 We expect some nonlinearities to arise when adding the effects of ODS to GHGs. Ozone 320 loss is reduced in a colder environment, so that the GHG-induced cooling limits ozone In our simulations volcanic eruptions cause a warming trend over the 2000-2011 period, 334 which is statistically significant only in the SSU channels. This period is characterized by 335 a series of relatively small volcanic eruptions that reached the stratosphere and increased 336 stratospheric aerosol concentrations (Vernier et al., 2011; Neely et al., 2013) . The large 
